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[57] ABSTRACT

A modified ruthenium catalvst can be used to selec-
tively hydrogenate an olefinic double bond in the pres-
ence of another olefinic double bond in the same or in a
different molecule. Modifiers are selected from com-
pounds containing trivalent nitrogen. trivalent phos-

Bull. Chem. Soc. Jap. 49, (1976}

‘phorus and divalent sulfur.

8 Claims, 2 Drawing Sheets
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1
SELECTIVE HYDROGENATION OF OLEFINS

BACKGROUND OF THE INVENTION

Those practiced in the art of chemistry are often
confronted with the problem of selectively hydrogenat-
ing one olefinic double bond in the presence of another

olefinic double bond. Two cases are pOSSIbIE
1) where the two olefinic double bonds are 1n the same

molecule (intramolecular), and
i1) where the two olefinic double bonds are in sepa-
rate molecules of a mixture (intermolecular).
Whenever the sites of two olefinic double bonds dif-
fer in some way such as the steric or electronic environ-
ment around the bond, a selective hydrogenation 1s
theoretically possible. For example. the ease of hydro-
genation of olefins 1s in the order: monosubstituted > -
disubstituted > trisubstituted >tetrasubstituted. It
should ‘be possible, in theory. to hyvdrogenate the less
substituted olefinic double bond in the presence of the
‘more substituted bond. In practice, however. very few
catalysts have been found that allow for such selective
h\.drogenatlom P. N. Rylander et al. disclosed ruthe-

nium on carbon as a selective heterogeneous catalyst in
the hydrogenation of simple hyvdrocarbon mixtures
(case il above) [J. Org. Chem. 24, 708 (1959); U.S. Pat.
No. 2.944,094]. While mono-substituted olefins could be
hvdrogenated selectively in the presence of di- and
trisubstituted olefins. no selectivity was observed when
an attempt was made to hydrogenate disubstituted ole-
fins in the presence of trisubstituted olefins.

Those practiced in the art are often faced with the
problem presented in case (i) above, i.e., the selective
hydrogenation of one of the two double bonds 1n a
diene, especially in dienes having other functional
groups. This case can be illustrated by Scheme I where
it is desirable to obtain the substituted 2-octene 1l (reac-
tion 1) relatively free of the octadiene, I. and the octane
11 (reaction 2). (The group X can represent a number of

functional groups, e.g., OH. OCH3;. COOH, etc.)

1

In such cases, it is important to achieve good selectiv-
ity for the formation of 11 at a high conversion of I
because the boiling points of I, II and 1 are usually so
similar that it is not commercially feasible to separate 11
from I and III by distillation. Thus, the purity of Il

obtained after distillation will essentially be whatever 60

the purity of Il is in the crude mixture of I, II and 11l
There have been a number of attempts to improve the
selectivity in Scheme I in favor of the olefin 11, by con-

- verting 1 to II under conditions that favor the formation

of 11 at high conversion of I, without at the same time
converting II to H11. All of these attempts dealt with the

use of homogeneous catalyst systems. For example,
Tsuji et al. [Bull. Chem. Soc. Japan, 49, 1701, (1976)]
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found that the homogeneous catalyst RhCKPPhj); pro-
vided an 809 selectivity of I at 90% conversion of the
octadiene I wherein X 1s an acetoxy group. This degree
of selectivity, however, gives a product which 1s only
about 729 pure. (For Scheme 1. the purity of Il can be
calculated as the product of the selectivity of II times
the conversion of I.) As has been suggested above,
distillation will not provide a product where the con-
tent of 11 is increased because of the closeness of the
boiling points. (The catalysts used by Tsuji et al. also
suffer from the disadvantage that they are too slow
unless pressures higher than 50 psi are used, e.g.
150-435 psi.)

The catalyst RuCl;(PPh;);, also a homogeneous cata-
lyst, was reported to be selective [J. Tsuji & H. Suzuki,
Chem. Lett. 1083, 1977] but no data was given. (We
have found that this catalyst gives product mixtures
with a purity of 63% to 64%. See Examples 1 and 2.)

While the prior art systems give good selectivity, the
selectivity is not sufficient to provide purities of 90 to
1009 of 11. When purities of II of from 909% to 100%
are required or desirable, they will only be achieved
with use of a catalyst that will allow II to be prepared
in high selectivity as the conversion of I approaches
1009 .

"THE INVENTION

This invention provides an improved process for the
selective hydrogenation of one olefinic double bond 1n
the presence of another olefinic double bond. The 1m-
nroved process utilizes a novel catalyst system compris-
ing ruthenium. water and a modifier. The modifier can
be any compound having a trivalent phosphorus, a
trivalent nitrogen or a divalent sulfur. It has been found
that addition of the modifier provides improved selec-
tivity at higher conversions which results in products of
higher purity. There is provided herein a number of
examples which illustrate the surprising and unexpected
results obtained in selective hydrogenations with this

40 novel catalyst system.
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The process and catalyst system of this invention can
be used to improve selectivity whenever the two ole-
finic double bonds are different, e.g., monosubstituted
olefinic double bonds can be hydrogenated in the pres-
ence of disubstituted olefinic double bonds and disubsti-
tuted olefinic double bonds can be hydrogenated in the
presence of trisubstituted olefinic double bonds. This
invention can also be used to improve selectivity in the
hvdrogenation of similarly substituted olefinic double
bonds which differ in some steric aspect 1n proximity to
the double bond. The two olefinic double bonds may be
in the same molecule or in separate molecules.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 is a graph of selected data reported in Tables
1 and 2 for Examples 3 through 6. The percent conver-
sion of the substrate, 1-acetoxyocta-2, 7-d1ene, 1s plotted
against the reaction time.

FIG. 2 is also a graph of selected data reported in
Tables 1 and 2. The percent selectivity of the formation
of l-acetoxyoct-2-ene is plotted against the percent
conversion of the substrate.

The ruthenium catalyst used in this invention is a
heterogeneous catalyst and the claims are to be under-
stood as encompassing a heterogeneous catalyst only.
The form of the ruthenium used is not critical and any
of the usual forms employed for a heterogeneous system
may be used, e.g. in the metallic state such as a sponge
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or as the finely divided metal or as some metal precur-
sor such as a ruthenium oxide. hvdroxide or carbonate
which can be reduced to the metallic state by reaction
with hvdrogen. or the ruthenium metal or metal precur-
sor may be supported on a suitable carrier such as car-
bon, alumina, kieselguhr, diatomaceous earth and the
Iike. The ruthenium metal or metal precursor may be
deposited on a suitable support by a conventional
method such as hydrolysis of a soluble salt of ruthe-
nium, said procedures being commonly known in the
art. It is preferred to use ruthenium metal supported on
a suitable carrier since this form of ruthenium ts found
to be more active and requires the use of less catalyst.
The ratio of ruthenium to support is not critical and the
ruthenium may range from about 0.1 percent to about
50 percent of the total weight of ruthenium and support.
It is preferred to use § percent ruthenium this being the
most economical.

The concentration range of catalvst, expressed as
ruthenium weight percent of substrate treated, 1s in the
range of about 0.001 to 1.0 percent. When the ruthe-
nium 1s unsupported, it is preferred to use concentra-
tions in the higher range of about 0.01 to 1.0 percent. If
the ruthenium s supported. 1t 1s preferred to use con-
centrations mn the lower range of about 0.001 to 0.1
percent with 0.0} to 0.1 percent being especially pre-
ferred.

The modifiers that can be used are any compounds
that contain trivalent phosphorus. trivalent nitrogen or
divalent sulfur and include. but are not limited to, phos-
phines, phosphites, amines, nitriles, sulfides, thioureas,
and the like. (For the purposes of this invention it 1s
understood that the modifier and the substrate to be
reduced are separate molecules and that the modifier 1s
not a functional group on the substrate to be selectively
reduced.) The trivalent phosphorus modifiers are pre-
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ferred over the trivalent nitrogen or divalent sulfur

modifiers since they surprisingly and unexpectedly pro-
vide maximum selectivity for the most part without a
significant reduction in rate of hvdrogenation. Typical
trivalent phosphorus modifiers are the organic phos-
phines and the organic phosphites. Suitable modifiers
are trialkylphosphines in which the alkyl group con-
tains from four to ten carbon atoms. triarvlphosphines
such as triphenyviphosphine, trialkylphosphites such as
those in which the alkyl group has from one to ten
carbon atoms, and triarylphosphites such as triphenyl-
phosphite. The term “alkyl group’ is to be understood
to include straight chain, branched chain and alicylic
groups. Among the tnialkylphosphines those having
more bulky alkyl substituents are preferred over those
having less bulky substituents since it has been found
that they retard the rate less. Especially preferred
among the trivalent phosphorus compounds are the
organic phosphites and triphenylphosphine since they
are the most economical and provide the best results.
Typical tnivalent nitrogen compounds are trialkyla-
mines such as those in which the alkyl group has from
~ one to ten carbon atoms. Typical divalent sulfur com-
- pounds are the organic sulfides containing aryl or aral-
kyl groups such as phenyl or benzyl.

The amount of modifier used can vary from about 0.1
to about 5000 times the amount of the ruthenium used.
When the preferred phosphorus modifiers are used, the
- preferred range is from about 1.0 to 500 parts by weight
of modifier per part of ruthenium used. It is especially
preferred to use a phosphite or triphenylphosphine in a
ratio of about 10 to 100 parts by weight for every part
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by weight of ruthenium used. For those modifiers such
as divalent sulfur which have a tendency to slow the
reaction rate significantly, lesser amounts of the modi-
fier are preferably used.

The hydrogenation is performed in the presence of
water which may be present in the range of about 1 to
99 percent by weight of the olefin substrate, preferably
10 to 50 percent by weight of the substrate.

A solvent may be used but is not necessary. The
solvent may be a saturated or aromatic hydrocarbon or
a more polar solvent such as an alcohol. A solvent may
be used to dissolve solid substrates and can be used 1n
any convenient amount for such a purpose.

The reaction temperature may be in the range of
about 0° C. to 100° C. A preferred temperature range is
about 10° C. to 60° C. with 20° C. to 35° C. being espe-
cially preferred.

Reaction pressure is not critical and may be in the
range of subatmospheric to about 2000 psig. Hydroge-
nation is favored by an increase in pressure; however,
good selectivity together with activity is generally ob-
tained at relatively low pressures, 1.e., between atmo-
spheric and 200 psi with 20 to 60 psi being especially
preferred.

ILLUSTRATION OF THE PREFERRED
EMBODIMENTS

The following examples are provided to illustrate the
preferred embodiments of the present invention and to
illustrate its advantages over available alternatives. The
examples should not be construed as providing any
limitation on the claims. |

Examples 1 and 2 employed a homogeneous catalyst
which required pressures of 250 to 450 ps1. For these
two examples a 300 ml stainless steel autoclave was used
at ambient temperature. For the remaining examples,
heterogeneous catalysts were employed at pressures up
to 50 psi for which a Parr Shaker was employed.

General conditions for the heterogeneous hydrogena-
tions, examples 3 and following, were as follows:

Hydrogenations at the 0.10 mole substrate level or
higher were carried out in a 500 m! Parr-shaker appara-
tus. Starting pressure was in all cases 50 psi. Hydrogena-
tion was allowed to proceed to about 25 psi pressure at
which point the system was pressurized again to 50 pst.
Samples were taken at various times, either by inter-
rupting the hydrogenation process or via a specially
adapted septum. In all cases a good correlation was
found between calculated hydrogen uptake, measured
hydrogen uptake and the composition of the mixture.

Hydrogenations of 0.02 mole of substrate were car-
ried out by placing substrate, catalyst and water 1into a
conventional 20X 150 mm test tube which then was
inserted into a Parr-shaker bottle adapted to recetve it
securely.

GC analyses for all examples were carried out either
on a Varian Aerograph ® Model 2700 instrument using
packed columns (Carbowax ® 20M 10% on Chromo-
sorb® P 60-80 mesh, 3 mX3 mm i.d.) and equipped
with a thermal conductivity detector and a Spectraphy-
sics Minigrator (R) or a Hewlett-Packard Model 5880A
using capillary columns (Carbowax R) 20M, fused silica,
30 m). |

To better illustrate the advantages of the present
invention over the prior art, it is helpful to compare
results in a quantitative manner. The terms selectivity,
conversion and purity as used herein are defined as

follows:
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Selectivity. S. is a measure of the formation of the
desired product as compared mth the formation of all

products.
Conversion. C. is a measure of the conversion of the

6

of the corresponding values of conversion and selectiv-
ity. While the modifier clearly enhances the selectivity
(at all conversions) for ruthenium, it does not affect the
selectivity of the palladium catalyst. A further compari-

substrate to all producits. 5 son can be made in terms of the purity of the product
Purity, P, is the amount of the desired product in the which is given for the highest conversions in Tables 1
reaction mixture (i.e.. substrate plus products) and. for and 2. |
case i as illustrated in Scheme 1. it is the product of the TABLE 1
selectivity, S. times the converston. C. —_—mm———_—
| 10 Hvdrogenation of 1-acetoxyocta-2.7-diene with Ru/C
EXAMPLES 1 TO 26 Time Conversion  Selectivity  Parity
Examples 1 to 26 concern the product selectivity and MM
product conversion in the catalytic hydrogenation of e None i; gz'o g;'g -
l-acetoxyocta-2.7-diene (I) to l-acetoxyoct-2-ene (II) 50 67:3 96 4 _
and 1-acetoxyoctane (III). Where given. selectivity 15 57 79.8 95 4 _
refers to the selectivity of formation of 11, punty refers 59 82.6 95.1 —
to the percentage of II in the product mixture and con- 61 82.8 - 95.0 —
version refers to the conversion of 1 (i.e. formation of I : | ggi’ 3:; _
plus 111). _ 67 91.7 94.1 —
EXAMPLES 1 AND 2 2 ° 2 o e
These examples provide results obtained with a ho- 31 22'2 g':"i gg":'
mogeneous catalyst. i.e.. RuCl2(PPh;3):. These results | -3 97 1 93 1 80 4
are provided as a comparlson to those Oblded using 4th) PPh; 40 20.9 98.4 —
the catalyst system of this invention. 25 5] 36.9 98.4 —
59 48.6 98 4 —
EXAMPLE 1 69 62.9 98.2 —
, . 76 73.1 97.9 —
A mixture of 33.6 grams of l-acetoxyocta-1,7-diene 91 R6.4 97.6 84 3
(I). 0.30 g RuClx(PPh3)s. 1.5 ml triethylamine and 120 100 92.6 97.1 89.9
ml ethanol was heated in a 300 ml stainless steel auto- 30 10 %6.1 96.6 92.8
clave under a hydrogen pressure of 450 psi a1 30" C. 120 282 L 230
Afier three hours the rate of hvdrogenation was greatly L\"ér;’-‘;w;‘?;ha';,‘::: ;:;f;f“;‘;t3:‘;“.,?”5“‘3‘:';“4;-‘; J-acetoxyocta-2 xdene (1
decreased and the pressurc dl’Op COI’I’E‘SPOHdEd to ap- ‘M dennical 1o Example 3 with the addition of 0.600 g mphemlphmphme
proximately the theoretical amount (0.2 meles). The
reaction was stopped. the catalyst filtered off and the 35 TABLE 2
crude product analyzed by GC to give 12.5% 1. 63.7% .
l-acetoxyoct-2-ene (11). and 23.6% I-acetox_y'octane Hvdrogenation of 1-Acetoxvocta-2.7-diene with Pd/C
(111). This corresponds to a selectivity of 72.8% for the , Time  Conversion  Selectivity — Punty
formation of 1l at a 87.5% conversion of 1. Example Modifier (mins) % i i
40 §ta) None 3 24.5 98.4 —
EXAMPLE 2 5 39.0 95.4 —
7 52.1 93.9 —
Example 1 was repeated at a pressure of 250 psi of 9 64.1 91.9 —
hvdrogen and was stopped after 22 hours. 11 77.9 87.0 67.8
An analysis of the products showed less conversion | 13 33-1 83.0 74.0
(73.85 ) but greater selectivity (86.09¢) than in Example 45, PPh; E g;:é gig 716
1. The purity of II was similar (63.2%). This example | 10 39.8 93.7 —
coupled with Example 1 illustrates how the selectivity 100 53.0 93.0 —
drops off as more substrate is converted. 154 64.0 91.4 -
~ 266 74.0 88.6 65.6
EXAMPLES 3 TO 7 (TABLES | AND 2) 50 436 80.1 87.6 10.2
| 7(0) EtaN 20 24.7 87.4 —
Examples 3 and 4 (Table 1) show results for the hy- | 35 40.5 83.0 33.6
drogenation of l-acetoxyocta-2,7-diene (I) with ruthe- 43 34.8 78.6 43.1
nivm on carbon both with and without the modifier lalg 4 g 1.Acetoryocta-2,7-diene, 3 ml water. and 5% paliadium on charcoal (50%
triphenylphosphine. In example 3, the purity of the ;018 ortecd e P S b o monphine
product II rises to a maximum of about 899 at a con- 55 'Wldenticat to example § with the addition of 3.60 g triethylamine.
version of 969 but does not significantly increase fur-
ther. In the presence of the modifier however, a purity
of 94 is obtainable (example 4). Corresponding results EXAMPLES 8 TO 13 (TABLE 3)
for palladium on carbon are shown in examples 5, 6 and Examples 8 to 13 (Table 3) allow the comparison of
7 (Table 2). Much poorer values are obtained with pal- 60 the effect of modifiers on other metals thereby showing
ladium and the addition of modifiers is seen to be with- the unique advantages of ruthenium. Example 8 shows
out beneficial effect (examples 6 and 7). The results that rhodium on carbon gives less selectivity than ruthe-
reported in examples 3 through 6 for the conversion of  nium on carbon and example 9 shows that the selectiv-
I are plotted against time in FIG. 1 which shows that ity for rhodium is not improved with triphenylphos-
while the modifer has little effect on the rate of hydro- 65 phine. Examples 10 and 11 give similar data for plati-

genation with ruthenium, the modifier greatly potsons
the palladium catalyst, i.e. has a deterring effect on the
rate and extent of hydrogenation. FIG. 2 depicts a plot

num. Unmodified, platinum is far less selective than
ruthenium. With modifier, the selectivity 1s greatly
improved but is still only comparable to unmodified
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ruthenium. Examples 12 and 13 show that iridium on
carbon is a poor, relatively unselective catalyst and the

addition of triphenylphosphine acts as a poison without

improving the selectivity.

TABLE 3

H}'d rogenation of 1-Acetosyocta-2.%-diene

5,118,837

Exam- Cata- Mod-  Time Converston  Selec- Purty
ple Jver ifier  (mins)) Ce vy Ct
g0 Rh/C  None 22 61.5 92.6 56.9

235 74.9 89.1 66.7
28 86.4 §7.0 75.2
9  Rh/C PPh; 21 61.0 92.2 56.2
26 73.2 91.6 67.1
30 85.2 89.9 76.6
1) Pi/C None 22 65.1 92.2 60.0
25 77.8 90.6 70.5
28 88.6 88.2 78.1
119 pi/C PPha 55 62.6 96.6 60.5
82 768 96.3 76.8
103 §9.4 95.7 85.6
124 Ir/€C  None 12V} 53.3 91.0 48.5
13 Ir/C PPhs 2000 15.2 92.8 14.1
f4in 3 g 1-Acetonsocta-2.7-dienc and 0 12 g 5% rhodum on carbon hydrogenated at
M} pa.

tPdentical to example ® with the addiion of 0 3 g PPh;

"'"Identical to example * substituting 5% plattnum on carbon for rhoadium on carbon.
1 dentical 10 example 10 with the addimon of 0.30 g inphenyviphosphine
Hdenncal 1o example # substituting indium on carbon for rhodium on carbon,
"Time 1n hours

SMdentical 1o example 12 with the addihon of 0.30 g tripheny iphosphine.

EXAMPLES 14 TO 17 (TABLE 4)

Examples 14 to 17 show that the increase 1n selectiv- 30

ity found for ruthenium on carbon when modifiers are

A

10

15

20

235

added is a phenomenon found with unsupported ruthe-

nium metal (ruthenium black) and occurs also with
ruthenium supported on other matenals such as alu-

mina.
TABLE 4
__Hydrogenation of 1-Acetoavocta-2.7-diene
Exam- Cata- Mod- Time Conversion  Selec- Purity
plc Fvst ifier  (mins.) e oty 7 Ce
1414 Ru/ None 143 43.6 038 —
Al-O; | 152 56.4 90.4 —
172 64.7 R7.8 56.8
218 £7.4 £§3.4 72.9
15 Ru/  PPh; 545 57.1 97.4 —
Al-Os 623 84.9 96.6 82.0
655 04,2 96.1 90.5
670 96.4 95.5 92,
et Ru None 60 39.7 97.2 38.6
90 65.9 91.0 60.0
120 84.4 91.1 76.9
j 7id} Ru PPh; 165 38.7 98.4 38.1
204 58.7 98.5 57.8
264 79.2 08.1 71.7
300 £7.9 98.1 86.2

L e i e e
L2k; 24 p 5S¢ Ruthentum on alumina (Ru/Al:O;). ¢ ml water and 16.8 g acetoxyocta-

2.7-diene hvdrogenated in a Parr-shaker bottle at 30 ps
‘®lidennical to example 14 with the addition of 2.3 mmole triphenyiphosphine.
'8 4 g 1.Acetoxyocta-2.7-diene. 6 ml water and 0.06 g ruthenium black.

‘Didentical 10 example 16 with 0.30 g triphenylphosphine.

40

8
EXAMPLES 18 TO 28 (TABLE $)

Table 5 provides examples wherein a wide range of
modifiers i1s utilized. When compared with Example 3
(see Table 1) where no modifier was used. it can be seen
that the presence of these modifiers results in significant
improvements in selectivity. The effectiveness of the
modifiers in increasing selectivity 1s in the approximate
order.

P(On—Bu)3 > P(OPh)s ~ PhCN>PPh3: > P-
(c—CeH11)3

Modifiers also caused a decrease in the rate of hydro-
genation and this effect s in the approximate order:

(MeaN)}CS> PhCN ~ PhSCHA»Ph> PBui > P-
{c—CeHi1)3>

P(OPh):> P(On—BU)3 ~ PPh3>NE + 3

Since the order is different in the two series, there are
particular advantages in using modifiers which are high
in the first series but not in the second. e.g. tributyl-
phosphite. Sulfur compounds are highest in the second
series, i.e. they behave as strong poisons. For this reason
they were used at very low levels. Even at 1 millimole
of modifier per gram of 5% ruthenium on charcoal,
tetramethylthiourea completely deactivated the cata-
lvst. Use of phenyl benzyl sulfide at this level gave a
selective hydrogenation however. Using a tenfold in-
crease of modifier, benzonitrile caused a very sluggish
catalysis. Prehydrogenating the catalyst increased the
rate of hydrogenation and gave a selective hydrogena-
tion. Since benzonitrile was found to be slowly hydro-
genated however, it is not a good modifier.

Examples 18 to 28 were carried out in a manner i1den-
tical to example 3 except that the amounts were halved
(8.4 g l-acetoxyocta-2,7-diene, 3 ml water and 0.12 g
5¢ ruthenium on carbon) and in addition, a modifier
was added in the amount shown in Table 5. In each case
the modifier was dissolved in 15 ml ethanol except for
examples 22 and 25 where the ethanol was omitted. In
example 22 which employed benzonitrile, the catalyst
was preactivated by shaking with the water and hydro-
gen for 1.5 hours before adding substrate and modifier.
Conversion of 1, selectivity of 1] and purity of 11 were
calculated as in examples 1 to 17.

TABLE §

Hydrogenation of 1-acetosxyocta-2.7-diene
. Effect of Various Modifiers

| Time Conversion = Selectivity  Purity
Example Modifier (mmole) Hours Ge g Te
18 P(On-Bu); 1.15 1.5 98.9 98.4 97.3
19 P(OE1); 1.15 43 - 86.3 99.3 85.7
20 P(OPh);3 1.15 4 92.3 98.8 91.2
21 P(OPh); 0.39 3 98.7 97.7 96.4
22 PhCN 1.2 16.3 97.6 97.3 95.0
23 NEt; 14 0.38 94.2 96.8 91.2
24 NBu; 14 8 97.2 97.1 94.5
25 PhSCH3Ph 0.115 4 92.3 96.3 88.9
26 Ph;S 0.230 8.5 88.5 95.5 84.5
27 P(c-CeH1y)a 1.18 3.5 98.9 90.5 89.5
23 P(n-Bu); 1.15 7 47.8 100 47.8
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EXAMPLES 29 TO 40 (TABLE 6)
These examples ilustrate how H>C=CH—(CH..

10

selectivity refers to the selectivity of the desired prod-

- uct [CHz(CH3)sCH=CHCH-:X] and the purity refers

to the percent of the desired product in the product

)3—CH=CH—CH->—X can be selectively reduced to mixture.
_ TABLE 6
Hyvdrogenation of CH>—=CH(CH»):CH=CHCH X'?}

Time Conversion Selectivity  Purny
Example X Modifier Hours Ce Ce Ce
2915 N-morpholino  None 70 96.2 96.7 93.0
30 COOH None 3.5 95.1 924 §7.9
31 COOH PPh: 6.2 97.1 94.5 91.8
32 OH None 13.0 97.4 85.6 83.4
33 OH PPh; 220 97.1 95.4 92.6
340 OMe None 1.0 - 929 91.5 g85.0
35tH OMe P(On-Bu); 6.0 98.7 97.6 96.3
36 N-piperidino - None 1.0 94.0 90.2 84.8
37(¢ N-piperidino  Morpholine  10.0 94.7 93.1 88.2
IR N-piperidino  PPh 11.6 94.4 97.8 92.3
39 COOMe None 3.5 04.6 83.0 78.5
40 COOMe PPha 3.8 98.4 94.) 92.6

W50 mmole substrate. 120 mg Ru/C. 3 ml H>0 and 1.2 m mole moderator except for examples 39 and
40 in which all guantities were reduced to one-fifth of the above.
(*115 ml EtOH addwional.
t912 mmaole morpholine used.

H:C—CH->—(CH>);:-~CH=CH-—-CH>—X wherein X
is a substituent which is varied.

In the absence of modifier the selectivity of these
reactions varies from very high (X =N-morpholino) to
only moderate (X =COOMe). In the former case it

appears that the N-morpholino group 1s acting as its

EXAMPLES 41 AND 42 (TABLE 7)

The examples to this point are all of the type
CH>—CH(CH>);:CH=CH(CH:),X where n=1. Exam-
ples 41 and 42 show that when n=2 the presence of a
modifier similarly results in an improvement in selectiv-

own modifier. Thus morpholine is a better modifier 30 ity and purity. Table 7 gives the results obtained 1n the

than most other amines and even improves the selectiv- hydrogenation of l-acetoxynona-3,8-diene to 1-
ity of the N-piperidino derivative (example 37). In all acetoxynon-3-ene and l-acetoxynonane.
TABLE 7
Hiydrogenation of 1-Acetoaynona-3.8-diene
 Conversion of  Selectivity for Purity of
l-acetoxynona-  l-aceloxynon-  l-acetoxynon-
Time 3.8-diene 3-ene - 3-ene
Example Modifier  (hrs)) 4 Ge T
41l None 2.00 55.3 97.1 —
2.92 77.0 96.6 —
3.75 91.4 95.7 87.5
3.92 94.2 03.7 88.3
4.25 97.3 92.7 90.2
4218) PPh; 4.25 64.1 99.1 —
3.45 80.0 98.9 79.1
9.00 99.8 97.7 97.5

{a!™

7 g 1-Acetoaynona-3.8-diene. 0.036 g 57 ruthenium on carbon and 0.9 mi water.

(Mldennical to eaample 41 with the addition of 0.09 g triphenvlphosphine.

other cases the selectivity is greatly improved by the
addition of a phosphorus modifier such as tributyl-
phosphite or triphenylphosphine.

The procedure in all these examples was 1dentical to
example 3 except the substrate was changed as indicated
in Table 6 (variation of X). In each case 50 mmole of
substrate were employed which is half the amount of

substrate used in example 3. For this reason, the 33

amounts of catalyst and water were halved correspond-
ingly. When a modifier was also employed, the amount
is also shown in Table 6. The conversion refers in each
case to the conversion of the substrate indicated, the

50

EXAMPLES 43 TO 46 (TABLES 8 AND 9)

To this point, the examples have concerned the cata-
lyst selectivity between double bonds having different
numbers of vinyl hydrogens. Examples 43 to 46 show
that improved selectivity is possible even when the
number of vinyl hydrogens is the same. Table 8 gives
the results obtained in the hydrogenation of 3-acetox-
yocta-1,7-diene to 3-acetoxyoctene and 3-acetoxyoc-
tane. Table 9 gives the results obtained in the hydroge-
nation of 1,9-decadiene to I-decene and decane.

TABLE 8
Hyvdrogenation of 3-Acetoxyocta-1,7-diene

Conversion of Selectivity Purity of

3-acetoxyocta-  for 3-acetoxy- 3-acetoxy-
Time 1,7-diene octene - octene

Example Modifier (mins.) T Te T
4319 None 144 41.0 - 88.5 —

274 69.8 78.5 54.8
340 78.9 75.7 59.7
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TABLE R-continued

H}'drqgenatinn of 3-Acetoavocta-1.7-diene

12

Conversion of Selectivity Purity of
J-acetoxyvocta- for 3-acetoxy- 3-acetonay-
Time }1.7-diene octene octene
Erxample Modifier (min<) e 7 Ce
Mh PPh; 370 a7 » 91.0 —
550 754 §7.3 65.8
760 £K 1 R3.5 73.6

e & S Acetanyocta-1.7-diene hadrogenated 1n the presence of 0.12 g ruthenium on carbon and 3

ml water
‘*ldentical 10 example 43 with the addition of 0.30 g triphenslphosphine.

TABLE 9

Hyvdrogenauon of 1.9-Decadiene

Conversion of Selectivity Purity of
Time 1.6-decadiene for 1-decene I-decene
Exampic  Maodifier (hra)) T e Ce
45t} None 2.50 44 ¢ bi.8 JR.4
4.05 56.4 62.0 350
6.17 61.8 61.2 37.8
468 PPh: 2.87 13.4 72.6 31.5
- 3.28 58.D 67.4 392
4.33 66.7 628 419

'in w g 19 Decadione. mlbwater and ()2 g 577 ruthemium on carbon were hvdrogenated at 50 pa,

"Pidentical to example 45 with the addinon of 0.3 g tnipheny iphosphine.

EXAMPLES 47 TO 50 (TABLES 10 AND 11)

Examples 47 to 50 are further examples of the intra-
molecular case for simple hydrocarbons. In all cases, a
substantial increase in selectivity was found by adding
modifiers such as triphenyviphosphine. Examples 47 and
48 (Table 10) iHlustrate the hydrogenation of 2,6-dime-
thvlocta-2.7-diene to 2.6-dimethvl-2-octene and 2.6-
dimethvloctane. Examples 49 and 50 (Table 11) illus-

30

nation of 2-octene to octane in the presence of 2,6-dime-
thyloct-2-ene. Examples 53 and 54 (Table 13) illustrate
the hvdrogenation of a mixture of olefins bearing polar
substituents, namely the hyvdrogenation of 1-acetoxyvun-
dec-10-ene to undecvlacetate in the presence of 1-

acetoxvdec-4-ene.
TABLE 12

Hvdrogenation of a Mixture of 2-Octene
and 2.6-Dimethvioct-2-ene

trate the hydrogenation of l-vinyl-3-cyclohexene to 35 — - -
1.3 - | L - Time Conversion of Selecuvity for
l-ethyl-3-cyclohexene and 1-ethyl-cyclohexane. Esample Modifier  Hours 2-Octene % Octane %
TABLE 10
Hydrogenation of 2.6-Dimethyviocta-2.5-diene
Time Conversion of Selecuiviaty for Purity of
Example  Modifter (mims) 2.6-dimethyviocta-2.7-diene ¢ 2.6-dimethyv]-2-octene % 2.6-dimethyl-2-octene %
47! None 20 | 4.3 96.9 62.3
. 30 88.13 94.3 833
grib PPh: R} 97.4 95.6 93.1
' a g 26-Dimethytocta-2.%-diene. (V1L 004 g 27 ruthentum on carbon and 0.9 m] water hydrogenated at 50 psi
Y Hdentical 10 example 47 with the addition of 0.075 g tnphenviphosphine.
TABLE 11
_Hhydrogenanon of 1-Vinyvl-3-cvclohexene
Conversion of  Selectivity for Purity of
Time l-viny]-3- l-ethyl-3- l-ethyl-
Example Modifier (mins.) cyclohexene ¢ cyclohexene ¢ 3-cvclohexene G
49'0) None 40 47.2 85.6 —
76 89.7 77.0 69.1
90 97.1 72.2 70.1
50'0) PPh; 82 77.8 87.8 68.3
113 92.3 84 4 77.9

‘9 g 1-Vinyl-3-cycloheaene 0% g 55 ruthenium on carbon and 7.5 ml water hydrogenated at 50 pwi.

{Pidentical to exampic 49 with the addition of 1.0 g triphenylphosphine.

EXAMPLES 51 TO 54 (TABLES 12 AND 13)

Examples 51 to 54 show that the effect of modifiers is
not limited to the intramolecular case for hydrocarbons
but are also of value in the hydrogenation of hydrocar-
bon mixtures. (case 1i) where it is desirable to hydrogen-
ate a less substituted double bond in the presence of a
more substituted double bond.

Examples 51 and 52 (Table 12) illustrate the hydroge-

nation of a simple olefin mixture, namely. the hydroge-

60

65

51(a) None 6.77 37.0 9].1
6.90 53.3 91.6
7.10 76.4 91.4
7.17 85.8 90.4
7.24 93.5 88.5
7.29 97.7 £6.3
52(c) PPh; 3.30 40.2 98.0
4.80 59 7 98.3
7.30 83.6 97.5
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TABLE 12-continued

Hvdrogenation of a Miature of 2-Octene
and 2.6-Dimethvloct-2-ene
Time'?
Hours

8.00
8.60
9.20

Selectivity for
Octane %¢

96.8
96.4
95.7

Conversion of
2-Octene ¢

91.6
939
96.6

Example Maodifier

YT ime 1s measured from the start of the reachon and includes an induction penod
of about 6 hours

(%A miature of 2.62 g (23 mmole) 2-octene. 3.21 g (23 mmole) 2.6-dimethyloct-
2-ene. 2.6 ml water and 0.20 g 57 ruthenium on carbon hydrogenated at 50 psiin a
Parr Shaker hydrogenator.

tOldentical to example §1 with the addition of 0.3 g tniphenyiphosphine.

10

TABLE 13 15

Hydrogenation of a Mixture of 1-Acetoxydec-4-ene and
I-Acetoxvundec-10-ene

Conversion of Selectivity for
I-Acetoxvundec-  Undecylacetate
10-ene % %

46.2 97.5
71.9 96.9
85.4 95.7
46.0 98.2
71.5 98.6
85.0 97.2

Time
(mins.)

330
300
770
583
918
1500

gl mmole of 1-acetoavdec-4-ene and 50 mmole l-acetoayundec-10-ene hydroge-
nated in the presence of 024 g ruthemum on carbon and 6 ml water at 30 pa.
tpdenncal 1o example 53 with the addition of 0.60 g triphenyiphosphine

Example Modifier

53{.:11

None

53hr PPh:

2
h

We claim:
1. A process for the selective hydrogenation of an
olefinic double bond in the presence of other, less reac-
tive olefinic double bonds wherein the olefinic double
bond to be hvdrogenated and the other less reactive
olefinic double bonds may be in the same molecule or
different molecules. which comprises:
a) subjecting an organic substrate having said olefinic
double bond to be hvdrogenated to hydrogen gas
in the presence of a heterogeneous ruthenium cata-
lvst, water and a modifier. said modifier being
1) a trivalent phosphorus compound selected from
the group consisting of trialkylphosphines, tria-
rylphosphines, trialkylphosphites and triaryl-
phosphites;

1) a trivalent nitrogen compound selected from the
group consisting of trialkylamines; or,

ii1) a divalent sulfur compound selected from the
group consisting of organic sulfides containing
aryl or aralkyl groups, and, -

b) hvdrogenating at a temperature from about 0° C. to
about 100° C., and, at a pressure from subatmo-
spheric to about 2000 psig, until an amount of hy-
drogen gas has been absorbed which is sufficient to
hydrogenate said olefinic double bond to be hydro-
genated.

2. The process according to claim 1 wherein

the ruthenium is in the metallic state or is in the form
of a metal precursor, or is a deposit on a suitable
carrier system selected from the group consisting
of carbon, alumina, kieselguhr and diatomaceous
earth.

3. The process according to claim 2 wherein:

30

45

50

35

65
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a) the modifier is present in an amount from about 0.1
to about 5000 times the amount Of ruthenium pres-
ent,

b) the ruthenium is present in an amount from about
0.001 percent to about 1.0 percent of the amount of
the organic substrate present, and,

c) the water is present in an amount from about 1
percent to 99 percent of the amount of the organic

substrate present.

4. The process according to claim 3, wherein:

a) the trialkylphosphine contains straight chain,
branched chain or cyclic alkyl groups having from
four to ten carbon atoms;

b) the triarylphosphine is triphenylphosphine;

c) the trialkylphosphite contains straight chain,
branched chain or cyclic alkyl groups having from
one to ten carbon atoms;

d) the triarylphosphite is triphenylphosphite;

e) the trialkylamine contains alkyl groups having
from one to ten carbon atoms; and,

f) the organic sulfide contains phenyl or benzyl
groups.

5. The process according to claim 4 wherein:

a) the ruthenium is a deposit on carbon or on alumina,
and,

b) the modifier is a trivalent phosphorus compound.

6. The process according to claim 3 wherein:

a) the trivalent phosphorus compound is present in an
amount from about 1.0 to about 500 times the
amount of ruthenium present;

b) the ruthenium is present in an amount from about
0.001 percent to about 0.1 percent of the amount of
the organic substrate present;

c) the water is present in an amount from about 10
percent {o about 50 percent of the amount of the
organic substrate present;

d) the temperature is from about 10° C. to about 60°
C.: and, |

e) the pressure is from atmospheric to about 200 psi.

7. The process according to claim 6 wherein:

a) the ruthenium is a deposit on carbon;

b) the trivalent phOSphorus compound 1s selected
from the group consisting of triphenylphosphine,
triphenylphosphite and trialkylphosphites contain-
ing straight chain, branched chain or cyclic alkyl
groups having from one to ten carbon atoms;

¢) the ruthenium is from about 0.1 percent to about 50
percent of the total weight of the metal and the
carbon; |

d) the ruthenium is present in an amount of from
about 0.01 percent to about 0.1 percent of the
amount of the organic substrate present;

e) the trivalent phosphorus compound is present in an
amount from about 10 to about 100 times the
amount of ruthenium present;

f) the temperature is from about 20° C. to about 35°
C.; and,

g) the pressure is from about 20 psi to about 60 psi.

8. The process according to claim 7, wherein 1-

acetoxyocta-2,7-diene is selectively hydrogenated to

l-acetoxyoct-2-ene.
¥ ¥ % % %
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